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Introduction
Feeding pet dogs and cats on raw, unprocessed food has recently become markedly more 
popular in the UK and elsewhere in the developed world. There is currently a lack of formal 
survey data to document this phenomenon, but conversations with clients and a proliferation 
of raw food marketing and sales outlets attest to growing numbers of pets being fed in this 
fashion. Sales in the  commercial part of this sector may have generated around £90 million 
in 2018 according to an estimate by Natures Menu, one of the players in this field (Pearce 
2018).
Raw meat-based diets (RMBD), sometimes known as ‘Biologically Appropriate Raw Food’ 
or ‘Bones and Raw Food’ (BARF) diets, include uncooked ingredients from either livestock 
or wild animals, and may be home-prepared or commercial, with the latter being supplied as 
fresh, frozen or freeze-dried complete diets, or as premixes intended to be complemented by 
raw meat (Freeman et al. 2013). Whilst pre-prepared raw diets are convenient, in the manner 
of traditional processed complete diets, many raw-feeding owners appear to opt for home 
preparation. A recent Italian study reported that over 80% of (self-selected) raw feeding 
owners formulated their own diets (Morelli et al. 2019) whilst in 2016 a large formal survey 
in the USA found 3% of dog owners bought raw pet food but 17% bought raw or cooked 
human food for their dogs (APPA 2018).
Why do clients want to feed raw?
Raw feeding was encouraged by non-specialist publications in the 1990s and early 2000s 
(Billinghurst 1993; Freeman & Michel 2001; Towell 2008) that advanced the idea of a more 
‘natural’ diet for pet dogs and cats. Wide-ranging benefits have been claimed, including 
improved dental and skin health, prevention or control of disorders affecting any of the major
body systems, plus behavioural improvements (BARF World 2018; Freeman et al. 2013; 
Natures:menu 2017; Towell 2008). In addition to such medical claims, and likely of similar 
significance, are owners’ perceptions of problems with processed pet food industries and 
their products, plus a desire to care for pets and improve their health via an intuitive 
approach.
The phenomenon of increasing ‘humanisation’ of pets has attracted the attention of marketing
professionals in the pet food sector more generally, who are keen to offer premium products 
that reflect owners’ own preoccupations with dietary health, food provenance and avoiding 
ingredients that are perceived to be problematic. Survey work supports notions that raw-
feeding owners value spending time preparing pets’ meals, often distrust the pet food industry
to supply wholesome or appropriate food, perceive raw-fed pets to be ‘healthier’, value 
changes in feeding behaviour associated with the raw form (i.e. duration of feeding and 
interest), and tend not to turn to veterinary health professionals for information (Morelli et al. 
2019; Morgan et al. 2017). Interestingly, one such survey (Morelli et al. 2019) found that the 
raw nature of the food per se was felt to be a main advantage by only a small minority of 
respondents.
What can we tell owners about raw feeding rationale and evidence for benefit?
The rationale for raw feeding is based substantially on comparison with related wild-living 
species, with the diet of a wolf-like ancestor being highlighted in the case of dogs. In this 
light, conventional compounded pet foods can be cast as unnatural and potentially deleterious
to health. However, this superficially attractive and straightforward notion suffers from some 
severe limitations.
The domestic dog is genetically altered from its wild ancestors, with increased starch-
digesting capacity owing to different patterns of gene expression (Freeman et al. 2013). 
Other differences between domestic and wild carnivores include the balance between energy 
and other nutrient needs (according to lifestyle, environment and activity levels), plus 
generally greater longevity among domestic compared with wild individuals (Kölle & Schmidt
2015). It is notable that recommendations for feeding canids in zoos emphasise the benefit of 
using conventional processed dog food for the majority of the diet (AZA Canid TAG 2012).
A critical review in 2011 (Schlesinger & Joffe 2011) concluded that the evidence advanced 
for the many claimed health benefits of raw feeding amounted to opinions and claims that 
were, at best, supported by data of low relevance. There have been a few studies comparing 
aspects of the health of cats or dogs on raw and conventional diets. Two kitten studies found 
no difference in growth patterns between diets with, in one of these studies, a similar 
incidence of diarrhoea and only minor variations in clinical pathology parameters between 
groups (Glasgow et al. 2002; Hamper et al. 2017). A longitudinal study among dogs similarly
found no association between raw or conventional feeding and the incidence of diarrhoea 
(Lefebvre et al. 2008).  In the same report a negative (protective) association was observed 
between raw feeding and extra-intestinal infectious conditions, albeit in a secondary study 
among a numerically small (38) subset of animals and using owner-reported data.
Two small-scale canine feeding trials of raw diets have reported changes in the intestinal 
microflora (of uncertain significance) and, in one study, smaller and firmer stools (Kim et al. 
2017; Sandri et al. 2017). Claims for improved oral health in animals on diets with raw bones
find support in studies showing less dental calculus among feral or wild dogs and cats, yet the
published evidence base is at present too insubstantial to support claims of reduced 
periodontal disease with raw feeding (Fascetti 2015; Steenkamp & Gorrel 1999; van Veggel &
Armstrong 2017). 
What risks should we be highlighting?
Nutritional risks
Raw diets may be constructed from recipes that don’t have verifiable origins in nutritional 
expertise and feeding studies, and even commercially-compounded raw diets are commonly 
formulated without the benefit of feeding studies (Mehlenbacher et al. 2012). Several studies
have examined published raw food recipes for dogs in respect of their likely nutritional 
balance, and commonly-identified issues include below-recommended amounts of: calcium, 
vitamins (D, A or E), copper, zinc and iodine, plus calcium/phosphorous imbalances (Dillitzer
et al. 2011; Heinze et al. 2012; Streiff et al. 2002), along with imprecise measures. Chemical 
analysis of canine diets themselves has yielded similar evidence of imbalances (Freeman & 
Michel 2001). Analysis of recipes for maintenance in cats has yielded evidence of very 
frequent deficiencies in respect of a range of nutrients (including choline, taurine, minerals 
and vitamins), consistent with cats’ exacting nutrient requirements, plus potentially toxic 
ingredients (for example, onion) in some cases (Wilson et al. 2019). 
There are a few case reports of clinical nutritional disease associated with raw feeding (Lenox
et al. 2015; Schlesinger & Joffe 2011), typically among growing animals. Issues of 
bioavailability pose a further risk of deficiency when feeding studies are not performed, such 
as with a whole-rabbit raw diet that contained adequate taurine on analysis, yet still resulted 
in taurine deficiency cardiomyopathy (causing a fatality) among young cats after some 
months of feeding (Glasgow et al. 2002).
Microbiological risks
Microbiological quality control
Unlike heat-processed pet food, there is no late-stage critical control step for destroying 
microbiological hazards in raw foods. The quality and provenance of ingredients is therefore 
of high significance in respect of safety. In the European Union (EU), commercial 
compounders and suppliers of raw pet food use animal by-products that fall into the 
‘Category 3’ classification, which includes those that are fit (but not intended) for human 
consumption. Category 3 also includes products processed for humans but removed from that
food chain for various reasons not relating to a risk to public or animal health. Additionally, 
certain by-products that are unfit for human consumption are permitted, subject to regulations
on the fitness of the source animal for human consumption, the manner of slaughter, and 
post-mortem inspection. In practice, many producers restrict their animal by-product sources 
to those considered fit for human consumption, but nonetheless not intended to be eaten raw.
Commercial raw diets appear to contain animal products from a wide variety of species 
(Mehlenbacher et al. 2012; van Bree et al. 2018; Weese et al. 2005), and may include 
components imported from outside the EU, that are subject to classification and labelling 
under non-EU regulatory regimes. Furthermore, there may be lapses in compliance with 
inspection regimes, such as was recently reported for venison in raw cat food (O’Halloran et 
al. 2019).
Commercial producers in the EU are required to perform sampling for Salmonella and 
Enterobacteriaceae according to a site-specific protocol based on batch size and throughput; 
in the UK this is agreed with the Animal and Plant Health Agency (APHA). Detection of any 
Salmonella in samples of product means that it cannot be placed on the market.
Salmonella
The most commonly-investigated microbiological hazard arises from Salmonella 
contamination of raw food. Studies, by several groups, of commercial raw pet foods suppled 
frozen in North America have yielded Salmonella isolates from between 7% and 21% of 
samples (Finley et al. 2008; Mehlenbacher et al. 2012; Nemser et al. 2014; Strohmeyer et al. 
2006; Weese et al. 2005). Sampling in Europe has indicated a similar range of prevalence 
values, either from foods (Hellgren et al. 2019; van Bree et al. 2018) or ingredients diverted 
from the human food chain (Bacci et al. 2019). Recent APHA data from the UK (APHA 2018) 
shows that annually there have been between six and twenty times more frequent Salmonella 
isolations from raw pet food than from processed pet food. This disparity is magnified when 
we consider the relative sizes of the raw versus processed food sectors, with a 2018 estimate 
giving raw less than 5% of market share by value (Pearce 2018).
Salmonella in pet food poses risks both to the animals and to those who care for them and 
share their households. Established risk factors or routes for human infection by Salmonella 
include both the handling of Salmonella-positive food (Cobb & Stavisky 2013) and contact 
with pets (Domingues et al. 2012; Finley et al. 2006; Freeman et al. 2013), and raw feeding 
has been identified as a major risk factor for Salmonella in dog stools (Leonard et al. 2011; 
Reimschuessel et al. 2017). Salmonella appears to be shed by raw-fed dogs as often or more 
frequently than identifiably-contaminated food is ingested (Lenz et al. 2009; Leonard et al. 
2011), which suggests that eating Salmonella  in food commonly leads to chronic or 
amplified shedding. Salmonella serovars shed by raw-fed dogs correlate with those isolated 
from their pet food (Finley et al. 2007; Joffe & Schlesinger 2002; Mayer et al. 1976; Morley 
et al. 2006) and these food isolates include serovars associated with human disease.
Diarrhoea does not appear to be a typical feature of Salmonella-shedding dogs (Brisdon et al. 
2006; Finley et al. 2007; Reimschuessel et al. 2017), although cases of clinical canine 
salmonellosis have been reported in association with raw feeding (Morley et al. 2006). It is 
therefore understandable that much of the concern about Salmonella in raw food centres on 
risk to in-contact humans, who are unlikely to be aware that apparently wholesome food and 
healthy animals may be recurrent sources of Salmonella. Furthermore, pet-owning 
households commonly include people with a higher risk of contracting Salmonella infection, 
owing to poor hygiene observance around animals (i.e. young children) or other factors such 
as advanced age and immunocompromise (Stull et al. 2013). 
The risks consequent on Salmonella entering households in pet foods have been illustrated by
major investigations in North America into human salmonellosis associated with 
contaminated pet treats and processed dry dog food, the latter occurring as a result of factory 
colonisation by Salmonella at a production stage after heat treatment and showing a 
disproportionate risk to young children (Behravesh et al. 2010; Brisdon et al. 2006; Health 
Canada 2000). Routes of human infection, beyond direct contact with pets and their faeces, 
may include food preparation and handling of bowls and utensils. Commonly-employed 
cleaning and disinfection routines have been shown to be poorly effective at eliminating 
Salmonella from such items (Weese & Rousseau 2006). Cases of human salmonellosis 
directly linked with Salmonella-contaminated raw pet food have been investigated and 
reported (CDC 2018), but it is likely that most raw feeding-associated human cases will be 
sporadic and thus probably not investigated for cause.
Escherichia coli
E. coli are a normal part of the intestinal microbiota of source species for raw food, and thus 
are commonly isolated from raw pet products in sampling studies. It appears that commercial 
raw preparations commonly fail local regulatory thresholds for hygienic quality (for either 
human or pet consumption) based upon counts of E. coli or related groups such as coliforms 
or Enterobacteriaceae (Hellgren et al. 2019; Nilsson 2015; van Bree et al. 2018; Weese et al. 
2005). Some E. coli subtypes have been specifically studied in respect of raw pet foods, most
commonly shigatoxigenic E. coli (STEC) serogroup O157, a severe human pathogen. Its 
prevalence in raw food appears to vary widely between territories. A recent UK investigation 
reported closely-related STEC O157 isolates from four human clinical cases, including three 
children, and a link with dogs fed on a raw diet was established (Byrne et al. 2018).
Other bacterial species
There are several other bacterial species that are potentially of concern in raw feeding 
scenarios, and in most cases the principal issue is considered to be one of public health.
Campylobacter is a well-established contaminant in chicken production, and it might be 
expected to be readily isolated from raw pet food products. Multiple studies in the USA a 
decade ago yielded no isolates, whereas more recent studies in Sweden (frozen products) and 
New Zealand (fresh and frozen products) found C. jejuni or C. coli in 5% and 22% of 
samples, respectively (Bojanic et al. 2017; Hellgren et al. 2019; Lenz et al. 2009; Strohmeyer 
et al. 2006; Weese et al. 2005). Local factors (including ingredient mix), effects of freeze-
thawing, and detection methods may all have influenced these diverse findings. A small 
proportion of human campylobacteriosis cases are likely to be acquired through contact with 
pets, based upon risk factor analyses, case studies and the observed tendency for shedding of 
pathogenic Campylobacter species by young dogs (Campagnolo et al. 2018; Damborg et al. 
2016; Hald et al. 2004; Parsons et al. 2011).
Listeria monocytogenes was isolated from 54% of Dutch products sold as frozen raw pet food
(van Bree et al. 2018) and from 16% of raw (usually frozen) dog and cat foods in the USA 
(Nemser et al. 2014). It has been the cause of several pet food recalls in the USA in recent 
years, predominantly among raw food preparations.
Yersinia enterocolitica  is a well-recognised cause of human enteritis, with occasional serious
sequelae, and is common in raw pork, pig offal and game meats (Bucher et al. 2008). 
Improper handling of contaminated meat (including pig offal) is thought to be a major risk 
for human yersiniosis, whilst a minor proportion of cases may derive from contact with pets 
(Fredriksson-Ahomaa et al. 2006).
Brucella suis has a low infectious dose for humans and zoonotic disease is often acquired 
through butchering or consuming wildlife (Woldemeskel 2013), although transmission to 
humans from dogs is considered to be possible under favourable circumstances (Neiland & 
Miller 1981). B. suis was recently found in frozen hare meat imported from Argentina into 
the Netherlands and the UK for raw pet diets, being identified following clinical disease in an
exposed dog (Frost 2017).
Several clusters of Mycobacterium bovis infection in cats have been reported recently in the 
UK under unusual circumstances (young, indoor cats fed a particular venison-containing raw 
diet) and with an unusual visceral disease pattern, such that the body of circumstantial 
evidence compellingly points to a dietary source (O’Halloran et al. 2019). There is also 
evidence of secondarily-infected human owners in the same outbreak.
Other bacterial species have been considered as risks in raw food, for example 
Staphylococcus aureus, Clostridium spp., Bacillus cereus and Bacillus anthracis. The degree 
of risk from such agents is not currently known. It is possible that differences in the domestic 
treatment of pet foods compared with human food (for example, leaving food unrefrigerated 
for extended periods while defrosting it or for animals that ‘graze’, and not washing bowls 
after every meal) may elevate the risk of illness arising from contamination from such agents.
Antimicrobial resistance
Both pathogenic and commensal bacterial species from livestock may carry antimicrobial-
resistance (AMR) genes, some of which can be readily transmissible. There is particular 
concern currently over the spread of extended-spectrum beta-lactamase (ESBL) resistance 
genes, typically borne on transmissible plasmids, which confer reduced susceptibility to the 
higher generation cephalosporins that are considered of critical importance in human 
medicine.  Members of Enterobacteriaceae bearing ESBL and/or the related AmpC-type 
resistance have been found to be prevalent among raw pet foods in studies conducted in the 
Netherlands, Italy and the Nordic countries (Baede et al. 2017; Nilsson 2015; van Bree et al. 
2018). 
The foregoing findings may be considered with the high counts of Enterobacteriaceae often 
encountered in raw foods, plus study evidence of a low incidence of ESBL/AmpC phenotype 
enteric organisms from heat-treated food (Baede et al. 2017). Taken together, this indicates 
that raw feeding may elevate the risk of the multiplication and dissemination of such  
antimicrobial resistances. Indeed, longitudinal studies in Canada and the Netherlands have 
found associations between raw fed dogs or cats and the shedding of ESBL and/or AmpC-
bearing Enterobacteriaceae (Baede et al. 2017, 2015; Lefebvre et al. 2008). These findings 
have been supported by three recent cross-sectional studies of dogs in the UK (Groat et al. 
2016; Schmidt et al. 2015; Wedley et al. 2017).
More broadly, shedding of antimicrobial-resistant Salmonella and E. coli, and particularly 
multi-resistant strains, has been associated with raw feeding of dogs in several risk factor 
analyses (Groat et al. 2016; Leonard et al. 2015; Wedley et al. 2017). In the UK, the use of 
imported meat (particularly poultry) for raw diets carries the risk of also importing highly-
zoonotic or multi-resistant epidemic Salmonella serovars that are not currently present in UK 
food animals. These could be disseminated where biosecurity is weak, such as in free range 
flocks with public footpaths across range areas, poultry farms with resident dogs, or dogs 
brought onto farms by maintenance contractors.
Non-bacterial pathogens
Eukaryote pathogens posing infection risks for pets, owners and/or livestock from raw diets 
include various protozoa and helminths, such as: Neosporum caninum, Sarcocystis spp., 
Toxoplasma gondii, Isospora spp., Cryptosporidium parvum, Giardia spp., Echinococcus 
granulosus, Echinococcus multilocularis, Taenia hydatigena, Taenia ovis, and Trichinella 
spp. (LeJeune & Hancock 2001; Macpherson 2005; Silva & Machado 2016; van Bree et al. 
2018).  However, there is little data on associated risks. Freezing and thawing of raw 
ingredients and diets will have a pronounced detrimental effect on protozoa and helminths, 
although effects vary by organism and by the temperature and duration of freezing (PFMA 
2017).
There is, similarly, little published data on risks of virus contamination in raw pet food. For 
certain viruses (for example: rabies, pseudorabies, African Horse Sickness, Hepatitis E) there 
is evidence of a potential risk to pet and/or human health from source animals (Bell & Moore 
1971; Hoorens 1978; Kotnik et al. 2006; Meng 2005; O’Dell et al. 2018). Heat treatment of 
food is likely to reduce or eliminate infectivity, as has been shown for feline calicivirus 
(Haines et al. 2015).
Advice from professional and public health bodies
Position statements and advice from national and international bodies recognise the 
nutritional and microbiological risks of raw feeding.
 The BSAVA position statement on companion animal nutrition strongly recommends 
both that appropriate advice be given on home-prepared diets to ensure these are 
nutritionally complete and, where raw food is used, that hygiene measures are in place
to minimize the risk of the transmission of communicable disease. There is an 
additional note regarding the vulnerability of any children or immune compromised 
adults in the household and the need to obtain medical advice in these circumstances.
 The World Small Animal Veterinary Association has an unequivocal position 
statement, recommending that RMBD should not be fed to dogs and cats.
 The American Veterinary Medical Association policy ‘discourages the feeding to cats
and dogs of any animal-source protein that has not first been subjected to a process to 
eliminate pathogens’
 The American Animal Hospital Association’s position statement explicitly does not 
advocate or endorse feeding pets any raw or dehydrated non-sterilised foods.
 The Canadian Veterinary Medical Association position statement adopts a similar 
tone, holding that the documented scientific evidence of potential animal and public 
health risks in feeding RMBDs outweighs any perceived benefits, and also noting 
risks of nutritional inadequacy.
 The United States Centers for Disease Control and Prevention (CDC) states that it 
does not recommend feeding raw diets to pets.
Conclusions
Raw feeding of carnivorous pets is no longer a fringe activity, and it falls to us as veterinary 
professionals to give the best available advice to interested clients. Regrettably, it appears 
that many owners who are inclined to believe the claims of raw feeding benefits are not 
especially interested in the opinions and evidence advanced by veterinary staff. The views of 
owners who are committed to raw feeding may be formed out of an emotional response to 
their pet’s perceived welfare and quality of life, and may also include an element of reaction 
to orthodox practice, particularly as some proponents of raw feeding promote a conspiracy 
narrative about the pet food industry. Such a stance can be very resistant to contrary advice 
given by those, including veterinary professionals, who are associated with established 
practice.
Nonetheless, and despite the somewhat fragmentary nature of the current evidence base for 
benefit versus harm, it is difficult to conclude that a science-based professional viewpoint 
should result in anything less than marked caution about the practice of raw feeding. The 
growing body of objective studies point clearly to the need for firm warnings about 
microbiological risk (to pets, their households and the wider community), and about 
nutritional risk, particularly to growing animals. We should nonetheless be aware that a 
condemnatory tone in such discussions can prove counterproductive, and potentially can 
lessen the veterinary profession’s impact in this area.
It may be that for some raw-feeding clients, the most influence we can realistically have in 
the short- to medium-term is to achieve better understanding and practice in respect of 
hygiene observance and protection for vulnerable individuals. It should also be acknowledged
that some of the more plausible benefits of raw feeding (for example around feeding 
behaviours, stool quality and in some cases of dietary intolerance) can be powerful influences
on owners’ perceptions. These might usefully act as points of agreement in an otherwise 
polarised field, and allow the creative exploration of less hazardous alternatives.
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